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TECHNICAL NOTE 5507 


AN TNVESTIGATION OF А WING-PROPELLER CONFIGURATION 
EMPLOYING LARGE-CHORD PLAIN FLAPS AND 
LARGE-DIAMETER PROPELLERS FOR 
LOW-SPEED FLIGHT AND 
VERTICAL TAKE-OFF 


By Richard E. Kuhn and John W. Draper 
SUMMARY 


An investigation of the effectiveness of a wing equipped with large- 
chord plain flaps and auxiliary vanes in rotating the thrust vector of 
two large-diameter propellers through the large angles required for ver- 
tical take-off and low-speed flight has been conducted in the Langley 
500 MPH 7- by 10-foot tunnel. The semispan model used was equipped with 
а 60-percent-chord flap, a 30-percent-chord flap, and two large-diameter 
overlapping propellers. 


Under static-thrust conditions, a maximum upward rotation of the 
effective thrust vector of 45° was obtained with the 60-percent-chord 
flap deflected 30° and the 30-percent-chord flap deflected 50°. With 
the addition of two auxiliary vanes, the upward deflection of the thrust 
vector was increased to 67°. With this configuration, vertical take-off 
could be made with a take-off attitude of 23° and at airplane weights up 
to 95 percent of the thrust. A method is presented for calculating the 
Lift due to flap deflection and slipstream for small flap deflections 
if the lift due to flap deflection at zero thrust and the lift due to 
flap deflection at zero forward speed are known. 


INTRODUCTION 


The practical utilization of the helicopter has indicated the use- 
fulness of aircraft that are capable of operating from very small bases. 
The advantages to be gained with aircraft that incorporate the small- 
field capabilities of the helicopter and the high-speed potential of 
conventional airplanes are readily apparent. Numerous designs have been 
proposed for achieving these advantages. If lift is to be produced, it 
is necessary to give a mass of air per unit time a downward velocity. 
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Тһе helicopter uses а large rotor io deflect а large mass of аїг рег unit 
time downward &t & relatively low velocity; however, the consequence of 
having the rotor axis approximately perpendicular to the fiight path 
seriously limits the high-speed. potential of the helicopter. 


Reference l reports satisfactory flight tests of & configuration 
with which hovering and vertical landings and take-offs were made possible 
by turning the slipstream of relatively large-diameter propellers down- 
ward by means of a cascade of vanes. The configuration was designed 
solely to demonstrate the feasibility of this approach and to study the 
stability and control problems in hovering and in vertical take-off and 
landing. No provision was made for forward flight. 


The present invéstigation was undertaken to determine the effective- 
ness of a monoplane wing equipped with plain flaps for deflecting the 
slipstream through large angles and thereby providing appreciable lift 
at low forward speeds. The effectiveness of auxiliary vanes, in combina- 
tion with the plain flaps, in deflection of the slipstream through the 
large turning angles required for vertical take-off was also investigated. 


COEFFICIENTS AND SYMBOLS 


When a wing is located in the slipstream of a propeller, large forces 
and moments can be produced even though the free-stream velocity decreases 
to zero. For this condition, coefficients based on the free-stream dynamic 
pressure approach infinity and therefore become meaningless. It appears 
appropriate, therefore, to base the coefficients on the dynamic pressure 
in the slipstream. The coefficients based on this principle are indicated 
in the present paper by the use of a double prime and are defined in this 
section. The positive sense of the forces, moments, and angles determined 
for the static-thrust tests is shown in figure l. For the tests at for- 
ward speeds, the usual convention for forces was used; that is, the 111% 
and longitudinal force were taken perpendicular and parallel, respectively, 
to the free stream. 


CY, lift coefficient based on free-stream dynamic pressure, 


q8/2 
Cy," lift coefficient, a. | Е 
q's/2 
Cm. pitching-moment coefficient, Pit moment 
tt 
а" /2 


Propeller pitching moment 


Ca propeller pitching-moment coefficient, 
р | а "зе 
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а Fr Б mu 


5 


propeller normal-force coefficient, РЕ0реЈ1ег normal force 


q's 
longitudinal-force coefficient, = Es force 
п 
| а 8/2 


thrust coefficient, AN: NE 
ит p? 


à 
aspect ratio 
wing span, ft; also, propeller blade chord, ft 
wing chord, ft 
b/2 


mean aerodynamic chord, ET с2ау, ft 
O 


slipstream diameter at leading edge of wing, ft 
propeller diameter, ft 

propeller-blade thickness, ft 

lift, lb 


number of propellers 


free-stream dynamic pressure, 


2 
= ‚ lb/sq ft 


dynamic pressure in slipstream, q + =, 1Ъ /ва ft 
x p2 


l 


radius to propeller blade element, ft 


radius to propeller tip, ft 
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S twice semispan-wing area, sq ft 
T thrust per propeller, 10 
V free-stream velocity, ft/sec 
AV increment of velocity in slipstream due to thrust 
W airplane weight, 1b. 
y spanwise distance from wing root 
a angle of attack, deg 
B propeller-blade angle, deg 
В .758 propeller-blade angle at 0.75 radius, deg 
бр flap deflection, deg 
Ө inclination of resultant force vector at zero forward speed, 
arc tan шы, дес 
е downwash angle without slipstream, deg 
є" .downwash angle at any value of То", deg 
р mass density of air, slugs/cu ft 
Subscripts: ui 
50 50-percent-chord flap 
60 60-percent-chord flap 
О-О at zero angle of attack 
for forces and moments acting on propeller 
T at апу value of T." 


in miles per hour 
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MODEL AND APPARATUS 


The semispan wing used in this investigation had an aspect ratio 
of 4.55, а taper ratio of 0.714, and ап NACA 0015 airfoil section. А 
drawing of the model is presented in figure 2 апа photographs of the 
model аге shown in figures 5 апа h. The geometric characteristics of 
the model are given in the following table: 


Wing: 
Area (semispan). gq ft ое +s < s < X 8 s X а 5.125 
Gemispan;, TO a Q вае оон воа e 5.116 
Mean aerodynamic chord, ft . . . s . . + +s + + + + + < на 1.514 
Root chord, ҒҰ%ҰЯ................ .-..... 2515 
Tio chord, TU. кана Ds es а са ж жы ы а 1.25 
Airfoil section ...................»... КАСА 0015 
Aspecb ratio 4 шш жш ж екен dw E Ж ож GW ж Gb. Жой 1,55 
Taper ТЕРІС жойи жож клок корк % е Ик Tm ues we бы и 0.711 

Propellers: 
Diameter, ft . . . + + + +< +s s s s e e e s e s e om om on on ° 2.0 
Disk area, Bd Pb 5% чы x. og ee S. ек % SES 3.11 
Nacelle diameter, ft . . . . .. нее + < 4 <+ ° s ew ew ос 0.55 


The wing was constructed of mahogany supported Бу а steel враг апа 
чав equipped with plain flaps of 60 and 30 percent chord supported by 
two internal. hinge brackets. The juncture between wing and flap was 
sealed and faired with aluminum cover plates and cellulose tape. 


For some tests, two auxiliary vanes were used in addition to the 
flaps. The auxiliary-vane configuration is shown in figure 5. The vanes 
were made of 1/8-inch sheet steel rolled into a 90° arc to a radius of 
15 percent of the chord. 


The geometric characteristics of the three-blade propellers are 
given in figure 6. The blades were constructed of aluminum alloy and 
utilized Clark Y sections. The propellers were driven by variable- 
frequency electric motors that were rated at 20 horsepower at 10,000 rpm. 
The large propeller diameter prevented use of this high rotational speed, 
and during tests the propeller speed seldom exceeded 6,000 rpm. The rota- 
tional speed was determined by observing а stroboscopic-type instrument 
that indicated the output frequency of a small alternator connected to 
the motor shaft. The outboard propeller rotated clockwise and the inboard 
propeller rotated counterclockwise. The wing was tested as a right-hand 


wing. 


The motors were mounted inside the aluminum-alloy nacelles through 
strain-gage beams so that the thrust, torque, lift, and pitching moment 
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of the propeller and spinner could be measured. The total forces and 
moments of the configuration were measured. on a balance system at the 
root of the semispan wing. 


TESTS 


The investigation used two different experimental setups and included 
tests with both propellers operating. А few tests were also made with 
only the inboard propeller operating. The tests at zero forward speed 
were conducted in one end of a large storage room as shown in figures 4 
and 7. The model was first set up with the propeller slipstream directed 
down the long axis of the room toward the far end with the flaps set at 
zero. With this arrangement, a substantial positive pitching moment was 
indicated on each propeller. Reversing the orientation of the model to 
that shown in figure 7 appreciably reduced the indicated propeller pitching 
moment. This pitching moment was believed to be due to some asymmetrical 
inflow to the propellers caused by the recirculation of air in the room 
and obstructions caused by miscellaneous equipment stored in the room. 
This recirculation had no noticeable effect on the forces existing on the 
complete semispan model. 


The tests with forward velocity were conducted with the semispan 
model mounted. from the ceiling of the Langley 300 MPH T- by 10-foot tunnel 
аз shown in figure 5. For these tests the shaft thrust of the propellers 
was held constant throughout the angle-of-attack range and was chosen to 
give a dynamic pressure of 8 pounds per square foot in the slipstream at 
zero angle of attack. The corresponding thrust and free-stream dynamic 
pressures and propeller blade angles for various thrust coefficients are 


tabulated below: 
tt ү + AV, ү, ds а, В.Т5В 
1b/sq ft |ib/sq 26 |"? ^^ | ‘аев 
O 82 82.0 8 


The Reynolds number in the slipstream, based on the mean aerodynamic 
chord of 1.514 ft; is 0.8 x 106. 
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In order to minimize the time required for the tests, the operating 
conditions were chosen so that only two propeller blade-angle settings 
were required. А blade angle of O? was found to be satisfactory for 
thrust coefficients of 0.91, 0.71, and 0.50 and а Бізде angle of 20° was 
used for the thrust coefficient of 0.20. 


CORRECTIONS 


Approximate corrections for the effects of the tunnel walls on the 
velocity in the tunnei and in the slipstream were derived and are pre- 
sented in reference 2. These corrections were applied to the results 
presented in the present paper. | 


The jet-boundary corrections which were applied to the angle of 
attack and the longitudinal force were estimated by the method of refer- 
ence 3. The following corrections were applied to the data: 


С = Gneasured T О DOL" a nao) at 
tt tt 2 а 
um VE measured | 0.08 T q" 


The correction to the pitching moment was estimated and was found 
to be negligible. 


These corrections are strictly applicable only in the low angle-of- 
attack range; however, they have been applied throughout the entire angie- 
of-attack range. The lift coefficient for the power-off condition was 
used in correcting all data. 


Corrections to the free-stream dynamic pressure for the effects of 
the model blockage have not been applied in reducing the data. These 
corrections are negligible in the low angle-of-attack range but become 
of increasing importance as the drag increases at the higher angles of 
attack and higher flap deflections. The correction can be estimated by 
the method of reference № and applied as follows: 


0.056 
Әсоггесбей = Чшщеавигеа| 1 + ісі - Те“ сов а, мо .615)) 
с 
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REDUCTION OF DATA 


Ihe data obtained in this investigation would be applicable to the 
type of flight operation illustrated in figure 8. A flight of this type 
involves zero forward speed for take-off and landing, where the generated 
lift is obtained from the thrust of the propellers. In this flight con- 
dition, the use of free-stream dynamic pressure in reducing the data to 
coefficient form would result in extremely high coefficients as the Ғгее- 
stream dynamic pressure is reduced to low values. At zero forward speed, 
the coefficients would always be infinite and therefore meaningless. For 
the condition in which the wing is largely immersed in the slipstream of 
а propeller, the forces would be expected to be largely determined by the 
dynamic pressure in the slipstream. It appears appropriate, therefore, 
to base the coefficients on the dynamic pressure in the slipstream. With 
this system the coefficients approach their normal value as the speed is 
increased and also have a finite value at zero forward speed. The thrust 
coefficient Тс’ approaches zero as the speed is increased and is equal 
to unity at zero forward speed. 


The dynamic pressure in the slipstream can be computed from the 
propeller thrust by the simple momentum theory as follows: 


Aa 
T = M Nao = р к >т + Мед) aro 
where Мр is the mass flow through the propeller and AVg-9 is the 


increment of velocity due to thrust at a great distance behind the pro- 
peller at zero angle of attack. The terms can be rearranged as follows: 


ЖУа-0)2 | 
= х p2 
Py 


Solving by the quadratic equation yields 
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T 
а а-0 = 2. | (1) 
X pe 
By definition, 
m" = T 
а" x p2 
l 


(=) = 1 - To (2) 
Е а-0 

у _ = = 
(ы... ub ыы " 


(4) pi ра (N) 
aO 


У 
| 1 - Те" 


The above relations have been derived for ап angle of attack of 09 but 
have been applied to the data through the angle-of-attack range. 


RESULTS AND DISCUSSION 
The results of the investigation are presented in the following 
figures: | 
Figures 
Static thrust conditions: 


Plain-flap configurations ¿ . . . . + +s s s s s s e s s s + 9-10 
Auxiliary-vane configuration . . . . s e e e e s s'e e s o e o ll-12 
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Figures 
Tests with forward speed: I 

Two propellers operating 
40-percent-chord flap . . . 2 zs Ses sb Spo Sp M en A Den E И DO 
30- and 60-регсеп%-сһога flaps. z 24 да S Q. ж 10-28 
Tnboard ргоре11ег operating (30-percent-chord flap) s... > 559b 
Effect of flap deflection and thrust coefficient on | 
lift characteristics ... ROSSO X Ok X e ЖЛ N шош a DSRS 
Propeller characteristics . . . „а. a ete e e < + < < а . 29-51 
Performance estimates .................. о n. » 792-55 


Static Thrust Conditions 


Іп order to obtain vertical take-off, it is necessary to satisfy 
the conditions that the lift be greater than the weight and the net 
longitudinal force Бе equal to zero. One method of satisfying these 
conditions would involve placement of the thrust axis in the vertical 
plane, as was considered in reference 2. After take-off, the thrust 
axis then could be mechanically rotated into the horizontal plane to 
convert to the cruising configuration. Another approach to the problem 
is illustrated in reference 1, in which the propeller axis is always 
essentially horizontal and the thrust is rotated to а near-vertical posi- 
tion aerodynamically by turning the slipstream by means of four turning 
vanes. The cascade configuration of reference 1 was designed only for 
exploratory studies of hovering and vertical take-off and landing and 
was not intended to be a configuration that could easily be converted 
for cruising flight. 


The present investigation was undertaken to determine the extent to 
which the effective propeller-thrust vector can be rotated by the use of 
large-chord flaps and to determine what other modifications (such as 
auxiliary vanes) would be required with the propeller axis essentially 
horizontal to rotate the thrust vector sufficiently to make vertical 
take-off possible. Іп general, 1% is not necessary to rotate the thrust 
yector through a full 90° since, if a ground attitude at take-off were 
15° to 20°, the wing configuration would be required to rotate the thrust 
vector only 70° to 75°. 


The angle through which the thrust vector has been rotated can 
easily be deduced by plotting the data as indicated in figure 1. For 
any particular flap setting, the lift is plotted against the longitudinal 
force to represent the resultant-force vector and indicate the angle 6 
through which the thrust vector has been rotated. The ratio of the 
resultant force to the thrust represents the effectiveness of the turning. 
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Plain-flap configuration.- With plain flaps alone, the thrust vector 
could be rotated upward as much as 45° and this rotation could be obtained 
with a turning efficiency of 90 percent with flap deflections of 309 
and 50° on the 60-percent-chord and 30-percent-chord flap, respectively 
(fig. 9(e)). This rotation of the thrust vector fell far short of the 
TO? to 75° desired. for vertical take-off. Higher flap deflections, in 
general, resulted in decreases in both turning effectiveness and the 
angle through which the thrust vector was rotated. 


Two apparent eccentricities in the data of figure 9 are worthy of 
discussion. Figures 9(d) and 9(f) indicate that, with the flaps neutral, 
the longitudinal force is greater than the thrust, so that the wing drag 
is negative. This result can probably be attributed to recovery by the 
wing of some of the rotational energy in the slipstream. The rotation 
in the slipstream causes a local positive angie of attack on one side of 
the thrust axis and the lift vector associated with this local flow is 
inclined forward. The negative lift vector associated with downflow on 
the other side of the thrust axis is also inclined forward. Both vectors 
produce & component of force in the negative drag direction. 


The small turning angle indicated in figure 9(f) with flaps retracted 
is probably due to the upflow between the propellers, which produces а 
lift that is not fully counteracted by the downflow outside of the siip- 
stream due to losses at the wing tip. 


The effects of the number of propellers on the aerodynamic character- 
istics of the wing with only the 30-percent-chord flap deflected are 
illustrated in figure 10. For this configuration, the number of propellers 
used is seen to have little effect on the turning effectiveness (fig. 10(f)). 


Auxiliary-vane configuration.- In an attempt to increase the angle 
through which the thrust vector could be rotated, some exploratory tests 
were conducted with auxiliary vanes. The configuration presented in fig- 
ure 5 was judged to be reasonable on the basis of maximum turning angle 
and the ratio of resultant force to thrust obtained. Мо attempt was made 
to determine an optimum configuration from the standpoint of vane size. 


For the configuration with the auxiliary vanes extended, for example, 
vertical take-off could be achieved: with a ground attitude of 23° and at 
airplane weights up to 95 percent of the propeller thrust (fig. 11(f)). 


The use of only the inboard propeller materially reduced the angle 
through which the thrust vector could be rotated (fig. 11). Figure 12 
shows а, summary plot of the turning effectiveness of the wing with the 
optimum combinations of plein flaps and flaps with vanes. 
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Tests With Forward Speed 


Basic data.- The tests of the model with forward speed for the range 
of thrust coefficients were made in the Langley 300 MPH 7- by 10-foot 
tunnel. The basic data for the various flap configurations with both 
propellers operating are presented in figures 15 to 22 and with only the 
inboard propeller operating, in figures 25 to 26. It should be kept in 
mind that, for these data, the shaft thrust of the propellers was held 
constant throughout the angle-~-of-attack range. Also, all the direct pro- 
peller forces were included in these data. Results presented for config- 
urations with zero flap deflection (figs. 15 апа 25) were obtained from 
reference 2. The characteristics of the wing alone and the effects of 
the nacelles on the aerodynamic characteristics are presented іп ref- 
erence 2. It should be remembered that the coefficients are based on 
the dynamic pressure in the slipstream as indicated by the double prime 
used with the symbols. 


Effect of flap deflection amd thrust coefficient on lift character- 


lstics.- The application of power is seen to increase the angle of attack 
for maximum lift and decrease the variation of lift with angle of attack 
above maximum lift. The variation of lift-curve slope with thrust coef- 
ficient (flaps neutral) is discussed in reference 2. Тһе variation of 
lift coefficient with flap deflection is presented in figure 27 and the 


variation of С with thrust coefficient is presented in figure 28. 


п 


ac 
Tbe decrease in : L at the higher thrust coefficients is due to the 
| бр 
decrease in the mass flow of air that the wing had available to deflect 
at the lower speeds (high Те"). 


ac "n 
In an attempt to calculate the value of me through the thrust- 


Še 
coefficient range, the following analysis was found to be successful for 
small flap deflections. Тһе momentum theory of lift states that lift is 
produced by imparting а downward velocity to the mass of air contained 
in a Stream tube of diameter equal to the wing span. In the case of a 
wing in the presence of a slipstream, the lift would be made up of two 
parts - that due to deflecting the mass of air in the slipstream and 
that due to deflecting the mass flow in the stream tube but external to 
the slipstreams. 


At zero thrust, the lift can be written ав 


Lp. "=o = р py sin e 


ub 


МАСА TN 5507 15 


At other values of Te", 


Ime" = p r^v? sin є" - М2У2 sin e") + Np 30 + ауу + Ау) зіп є" 


where the first term represents the lift due to deflecting the mass of 
air external to the propeller slipstreams and the second term represents 
the lift due to deflecting the slipstreams themselves. For small angles 


of downwash, sin є" = = and in coefficient form 


(=) = (==) (1 - 
дё, Те" дәр т "-0 


where а is the propeller slipstream diameter at the wing (ref. 2). 


In terms of the thrust coefficient, 


3c," _ ӘСІ А : у дє" /дёе ia Na2 " ND2|1 + уа - no 
d — d == с. re Ld d p 
95+ Te" 352 т '=0 дє/дёе b^ b2 2(1 т Tc") 
At m." = 0, 
2 Cr 


where Ср; is the induced-drag coefficient given by 


NS 


C 
51 7 XA 


For small angles, then, 


2 
є = a(57.3 = 


14 
ОСТ, 
2(57.5)— . 
ðe 98g _ 
95 ii 


At Тс" = 1.0 and small flap deflections, 


de’ _ 80. 
95+ 95. 
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(5) 


The variation of є" with thrust coefficient can be derived if the 
flow in the slipstreams and the flow external to the slipstreams mix 
according to the strength of their velocity vectors as indicated in the 


following sketch: 


Lo 
Free-stream direction 


In this sketch, є is the downwash angle if the propeller slipstreams 
are not present (Т." = 0) and 6 is the dowriwash angle of the slipstream 


(m^ = 1) . Then, 


" | (sin Ө)ДҮ + (sin є)у 
(сов 0)AV + (сов є)у 


tan € 


For small angles, 


€ VAN У+ ме 


and, from equations (3) and (4), 


ет/Әве _ 1 - Т" + fone - "E - x] 


де/З6е 
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Тһе resulting expression Рог 11Ғ% coefficient due to flap deflection 
is 


3c, " ; ) 2 
и 62), Wa аль - ее e-a ESL 


ND? 1 + ТА - T." (6) 


b? 2 


For the 30-percent-chord-flap configuration (fig. 9(e)), 


and substituting the value for Әсі, /38; from figure 27 at small deflec- 
tions and Т." = О into equation (5) gives 


9€ o.2 
36, 0.28 


Application of the foregoing analysis gives reasonably good agreement 
with the experimental data (fig. 28). 


Effect of flap deflection on propeller characteristics.- The effect 
of angle of attack on the aerodynamic characteristics of the isolated 


propeller and of both propellers operating in the presence of the wing 
has been discussed in reference 2. Consequently, only the effects of 
flap deflection and angle of attack are presented herein. The effects 
of these parameters on Cy and Cm, are presented in figures 29 


and 30, respectively. As mentioned in reference 2, some difficulties 
were experienced with the instrumentation for the inboard propeller that 
resulted in excessive scatter and large shifts in the wind-off readings. 
The scatter in the data of figures 29 and 50 can be attributed to this 
cause. 


The normal-force data show appreciable scatter (fig. 29); however, 
flap deflection appears to have no consistent effect on the normal-force 
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coefficient. Тһе propellers of the test model were located relatively 
far ahead of the wing where the upwash due to the wing would be small. 


The operation of the propeller in the presence of the wing is seen 
almost to double the pitching moment of the propeller as compared with 
that of the isolated propeller (fig. 50). Deflection of the flaps pro- 
duces & further increase in the propeller pitching moment. These | 
increases cannot be attributed to an increase in wing-induced upwash 
at the propeller disk because an increase in upwash should produce corre- 
sponding increases in propeller normal force. It is probable that these 
increases in pitching moment are due to a change in the velocity through 
the upper and lower portions (relative to the wing-chord plane) of the 
propeller disk. An increase in velocity over the wing (upper part of the 
propeller disk) would tend to decrease the thrust from the upper part of 
the disk. Conversely, a decrease in velocity through the lower half of 
the disk would increase the thrust of this part of the propeller, which 
results in an increase in the nose-up pitching moment of the propeller 
with increasing angle of attack and with increasing flap deflection. 


The propeller pitching moment can be regarded as an effective dis- 
placement of the thrust of the propeller axis. The effective location 
of the thrust vector is presented in figure 31 and was determined from 
the pitching-moment data of figure 50 by the following relationship: 


ər _ Стр вс. 
т 
m " XD 

с 8 


For the most extreme conditions the thrust vector is seen to move 
downward more than one-fourth of the propeller radius. 


Application of Resulte 


Some performance calculations have been made for an assumed airplane 
in order to illustrate the application of the data and to permit a more 
thorough analysis of the results. А wing loading W/S of 40 pounds per 
square foot and a drag coefficient of 0.01 for the fuselage and other 
parts of the airplane not represented by the model were assumed. The 
flight plan was assumed to start with the auxiliary vanes extended and 
flaps deflected (5250 = 20? and Весо = 60?) for vertical take-off at an 


airplane attitude of 229 (data of fig. 11). Тһе airplane attitude was 
then reduced to & lower angle, for example 59, after which the vanes, 
the 60-percent-chord flap, and the 30-percent-chord flap were retracted, 
in that order. 
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The thrust coefficient required for zero longitudinal force апа the 
lift coefficient available for various flap configurations were determined 
by eross-plotting the longitudinal force and lift coefficients against 
thrust coefficient as in figure 32. The forward velocities associated 
with these conditions are calculated by the expression 


noh = 59 ea - ы"); 


The thrust coefficient required апа lift coefficient available аге 
plotted against forward speed in figure 55. Unfortunately, the failure 
of one of the blades in the outboard propeller terminated the test in 
the tunnel before the tests of the auxiliary-vane configuration at the 
intermediate thrust coefficients could be performed. 


The performance of the present configuration, in which the propeller 
thrust is used for vertical take-off by deflecting the slipstream down- 
ward with the wing and vanes, is compared in figures 55 to 55 with the 
performance of the configuration of reference 2 in which the entire wing 
and propeller are rotated from vertical for take-off to horizontal for 
cruising flight. The present configuration requires somewhat lower 
thrust coefficients and lower thrust horsepower for level flight at low 
forward speeds (figs. 55 and 34). The power required was calculated by 
the method of reference 2. The power required for take-off is somewhat 
higher for the present configuration because of the losses associated 
with turning the slipstream downward. These losses do not appear exces- 
sive, however, and can probably be reduced in a more efficient design. 
For either configuration, if a high-speed propeller efficiency of 0.85 
and а static thrust efficiency of 0.65 is assumed, there will be suffi- 
cient power available for take-off if the airplane is designed for a 
speed of the order of НОО mph. 


The pitching moments that would have to be balanced by some auxiliary 
means are presented in figure 35, along with the corresponding effective 
moment arm of the center of lift OC4"/OCj". The diving moments associated 


with the present configuration are appreciably larger than the nose-up 
moments for the configuration of reference 2. Also, at zero forward 
Speed, the present configuration has & large diving moment while the 
pitching moment for the configuration of reference 2 would, of course, 
be zero. Both are presented with reference to an assumed center of 
gravity at the quarter chord of the mean aerodynamic chord. 


18 МАСА TN 5507 
CONCLUSIONS 


An investigation of а wing-propeller configuration employing large- 
diameter propellers and large-chord plain flaps for low-speed flight and 
vertical take-off indicates the following conclusions: 


1. Under static thrust conditions, the use of plain flaps alone 
(60-percent-chord flap deflected 30° and the 30-percent-chord flap 
deflected 50°) were effective in rotating the thrust vector upward only 
about А50. 


2. The configuration with two auxiliary vanes in combination with 
the plain flaps rotated the thrust vector upward 67°. With this con- 
figuration, vertical take-off could be made with an initial attitude of 
23° and at airplane weights up to 95 percent of the thrust of the 
propellers. 


5. It is shown that the lift due to flap deflection and slipstream 
can be calculated for the configurations tested for small flap deflections 
if the lift due to flap deflection at zero thrust and the lift due to flep 
deflection at zero forward speed are known. 


4. Application of the results to a hypothetical airplane having the 
ваше ratio of propeller-disk area to wing area as the model tested and 
designed for a wing loading of 40 pounds per square foot and a speed of 
400 miles per hour indicates that sufficient power would be available 
for this configuration to achieve vertical take-off. Also, at zero Рог- 
ward speed, large diving moments are shown to be associated with this 
configuration. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., August 26, 195}. 
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Propeller-blade geometric characteristics. 


Figure 6.- 


Instrumentation 


Figure T.- View of the test setup used for tests at zero forward speed. 
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Figure 9.- Continued. 
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Figure 9.- Continued. 


МАСА TN 5507 


O 

о /0 2 propellers 
Ф 20 
A 

М 

A 


30 or 


Lift 


О 2 4 6 .9 © 
Longitudinal force 
Thrust 


(f) Summary of turning effectiveness and turning angle. 


Figure 9.- Concluded. 
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Figure 10.- Effect of number of propellers on aerodynamic characteristics 
of model. Т." = 1.0; Seen = 09. 
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Figure 10.- Concluded. 
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Figure 11.- Aerodynamic characteristics of model with two auxilary vanes 
added. Т." = 1; ôfgo = 609. 
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Figure 13.- Effect of thrust coefficient on aerodynamic characteristics 
of model with two propellers operating. 5250 = 09, бес = б°; 
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Figure 16.- Concluded. 
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Figure 18.- Continued. 
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Figure 18.- Concluded. 
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Figure 19.- Effects of thrust coefficient on aerodynamic characteristics 
of model. Bp, = 0°; 8-2 = 209. 
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Figure 19.- Continued. 
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Figure 19.- Concluded. 
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Figure 25.- Continued. 
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Figure 25.- Conclided. 
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Figure 24.- Effect of thrust coefficient on aerodynamic characteristics 
of model. Inboard propeller only. 5250 = 109; бес, = 09. 
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Figure 24.- Concluded. 
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Figure 25.- Effect of thrust coefficient on the aerodynamic character- 
istics of the model. Inboard propeller only. Seso = 209; бебо = o°. 
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Figure 25.- Continued. 
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Figure 25.- Concluded. 
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Figure 26.- Effect of thrust coefficient on aerodynamic characteristics 
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Figure 26.- Continued. 
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Figure 26.- Concluded. 


85 


30° 


86 МАСА TN 5507 


19 рр 


LO 


pod 


- 2 propellers 


C и "Ih atl с EEH 13-4 ГТ ТЫ | | m 
£ ГР 2 БЕРЕНЕ ЕЕРЕЕ А БЕРЕЕР 
< 4 НЕЕ 


44) | ш HH gum» ams 1c чи БЕР 
.5 Н+ ИЕ ЕРКЕК ШҮ 
а SE | 09 rr} | tt Et 


ААА ш | 
Ee mm | 
rT E = e—C—m Y 
ЕЕЕ 
ee и ВО << 


Inboard propeller 


" ° imm ЕЕН 
С СЕБУ ЫР AL шш 
L ЕРА ЕФЕ. 
472002 SOR ЕЕЕ ЕЕЕ 
4 


Flap deflection, 6+, 


Figure 27.- Variation of lift with thrust coefficient and flap deflection 
at a= О. буе = 09. 


NACA TN 3307 9T 


Measured 
---- Calculated (equafion(6)) 


O 


Tumas ERR REE 
Pe H PERE ry Ty ТТУ. 
ЕР Pee er cee ADNE 
TTEEFFELLLETLLLLLLLUH TH 
nw? I BL LG LL Gg L 
Shake esas 
= ГГ 
TITI TITI! 
TETT чай 
PTT TOE TOE 
ТТТТТТТІТТІРГІГРГІІ JI [I | T P HRHD NE 
-ГІГІІГІТТІТЕІГІТІТІІІТІТІТТІГІЗ 
Шиш -Pk 
С ГГ ҮҮГ ГҮҮ Г КЕ) II II L1 4 ll! JN Ë 
ELELELELEEETEEPCELEEEE Я 


а 
ы 
a 
= 
E 


Both propellers 


дезо 


О С 4 9 10 
72 tt 


It 
Figure 28.- Variation of p with thrust coefficient. a = 0°. 
f 


др, 


МАСА TN 3307 


ишинин 
ERBERBEN 
игин III LLII I IRA гр | LETT 


иш 
ше 


55-1 FEHR иии Gs. 
ОПЕРЕ l eee 


propeller 


"НЕННТТТНФРТТЕНІННННІН ЕЕЕ ТТЕТІІЕІТІТІГІРНФЕНІ 
TEC LELCLLELELELCLLLECELELELLLLLELLLLLLLLL LEL АШШЫ 


Ои?роалі propeller 


Angle of attack,a,deg 


ТЕНЕ ЕЗ УН HEH AE 
SR SRS RRR ТТТ АКШ Лы Ж 


ГГ Ыы ын I eee eee IILI RRS LI! 
ГІІГГІГЕТІ II I I T I МГЦ I T II III P T, LL T c-r моя пишцаня". иш Cy 
TUTPTTITITTLLLLILLLPSPLLLLLLLLCLLLL LZ TTL SP REEF I тани» 13 
LILLLLLLILT. ТІІТТІТІІ2 ирина MES x 

LI HAH HHH ЕЗ и II Ill] eee 

--2-H--44----——----- КЕЗЕННЕН 


ӘННЕН 
ЕЕ oe Ti В 


Špo М ° SO ананан: аспаган 


оп 04d 


— — — /solated propeller data ( ref2 ) 
во? 
7 


normal-force coefficient CN, ' 


ка 1 
да ваш 4 в“. в... из SER Ree 
E O LL РТТ 


fy, 
1220070 С 


FEREEEEHHHRHHEEHHEH E Eia T 
ГІТРІТІЛІНІЛІ ТЕ А НВ 
ЕЕРЕЕ 


- 


УТУ | I PALI II 8 св ll l i l l 1L SGT! 
нинннинилиныниинаниниаяннан 


Angle of attack, е, deg 


НЕННЕ 
i ERRELE: NEN NNa 


Figure 29.- Effects of flap deflection and angle of attack оп 


22 


МАСА TN 5507 


ма, 
Er 
aM P a EE 


қиян 
L. La 
ШШ”: CT MIUI | TN. 


TUB 
ЕЕЕ 


ҚММУ 
воловоковавосо ва 
дт 
ТУТ 
ТТТ lJ jl 
KF... 
авововокеза 


L| 
p 
t". 
ЕЈ 


ІЗӘІТІТІПІТІІГІ 
ptt +- 


шовививемесесие 
РГ 
SRR ALLEE T UL Le m: 


rT) ert ШЕ 
LEE 11115 pu 


mm: : 


нивинининиии >: 

М - "tr 
“4 

PTT] 


ң 
ü 


|| 

п 

= 

Li 

E 

a 
ТТТ с WAR ERE и 
ШТІ MRM Sh т = 
М ГҮЛИНА! ЖГ E 
ЕЕНЕН-НААСЯ ААА завазевавананена ис Wee SESE 


ла 
ДИ 
А “am U| 
v i мики 
wa. 
ri 


Oufboard propeller 


M с, ду ee 


ЕГЕР А : 
= ЕГЕН ЕТЕ 


НЕ-Е 


у 2 
deg 

О 

О 

О 
30 


? 


О 
40 


ваше II III I j jll l TS l ll 
l l Alli ll ll lj lll ll j U gg g 4 
BEER SERRE lll lli 
ПТО GG 
HENEN II JII lI l T] 

ТОТ 


д 
deg 


ЕНЕ 


30 
© 70 


А 


———/solated propeller data ( re£2) 
O 
n 


ТЕГТІ 


ЕЕЕ 


г, өл 
i a ey 
ИННА ТІЛЕГІ; 


ТЕН Wien rosea 


LALLLLILI 
алекажек 


ГОТЫ: 
ишини лу. 
ЕЕЕ 


ы 
a 
trl 
àl 
= 
x= 
ш 
м 
— = 
P 
ш 
ш 
.= 
ің 
ұғ 
L| 
11 
LI 
Ld 

= he 
Li 
“hl 
в 
+ 


ГИЯТІТІТІІІТТІІТІТІТІТГІ 


=»: 


A т 
ТТЕР ЕТТТ LLL BILL i Le 


inboard propeller 


ЕЕ 
PRI ЛЕГ 
АГІТІТІПС 


птишшашшшшишшш\1 
= = - 4. СГЕГІТІТІТІТІЛТ 
ГЕ ::165.-:кюошезо чанана» аи завеса eee oh 


ov 
Fao 
- 


Е ЕЕЕ КНЕРЕАЕЕНЕЕЕ 
PT ч ы Г. ш 
An -| 

ш 

ш 

ш 


Š 


, deg 


k,a 


of attac 


Angle 


, deg 


е 


? 


Angle of attack 


Figure 50.- Effect of flap deflection and angle of attack on propeller 


pitching-moment coefficient (measured about the intersection of the 


thrust axis and propeller-disk plane). 


? 


$ 
З 
š 
5 


3 


— — — [sola fed 


Ве, 
м 


Inboard propelle 


Outboard propeller 


EEE м 
a vii ш 
п Ч. ш 
Li E | к 
в:. 1” = 
нк. = ш š a 
LII a a [| 
ТЕЧЕТ ЕТТІСІІІІСІН LEL! 
Г TELE диянавнан i щ 
ar... ймвизае Ieee 7 ш 
ЕЧ Ill] 11111 + ищж 
нака\ извини тианки АКП ан 
ЕГА а Чразжи ко =" 
ша 1,754 слозозикзисваша -MALEPH T. LL. 1 
aaa. г EERE REESE HAH ГТ ш 
ЕН ФЕН НЕНЕН ТЕРІН aed 
тинин РТТ ТЕТ RTTITTTTITTTTTTTTITITII у ILE T ГІ 
чланака T Tl ЕРЕРАЗ®ВЕРЕЗЕРАРАНЕНАНЕН = meg; PT EL BLL L| 
LITT Les ТТТ ға ГГТІТТІТТІГІЛГІТГКІЕРТТТГІТТІГІТІ м Г] 
LLLLETTS I ТИ ТЕНМИГЛТГПИТТТГИТТТТТТІЕГТТІЗЕГІТТІТІРСІТТТІ! CCE] 
ГЕТЕ ПГТ | МЕЕН завоввахицияща Y LI | II TTE! =. 
машишшышрн1.'ишишишишины})шышишиншш ШҮТТІГЕІГТІТІТІТІІТТІТҰ CLET b ЕК | зимишие 
LLLLLLRISRS ГЕТЕ ТТТ ce TT PT PT Tat TT | | k A LLLI LT] RN ag a 
ТГЕТТИГИСЫТТТІГІТГІРННІТІТІТІІТІІЕГЕНСІІІІІІГЕН “ТҮГІТТІРІТҰММІТІЗ им ТП ш 
шиш». ТТТ Е ч TENENS га 2 ашлизцозкозевеакакашщан. озвазадискосасацевце 
1-59 Е вшававакша Енаниян ҮКТҮҮ LLIIII l RE Ee yy nm ETEA вйхича 
ТЕТЕ чЕЕЕРЫЕЕНЕРАНАЕРЕРЕВЕВААЕРЕРЕНЕРЕ АТА: sik v ва LALLI HHF- и 
ГЕГЕГЕТ ЛИ | xi---H--H-4-HN4H2-H-H- EFIE MY идиравзвацие ГЕТТО галравзви«ярея шик a 
LILLTLTT S ЕСГГІТІЛДІТІТІІІІІІІГГІІ ЕЕ тыл и -LILLLTLLTLUPIPTUTTUTISSKƏKTTITTTTITITTTTTTTTI 
LI LI I 18. SEE SL... a ae МАЛИ 
векаразе 2.3. LL RR Reh SR RA ee ee 
авужамиа! дл BORE MERE ee r LTLTESEPTITILPELPLTIKIPTITTTITITTTTISKIEKIT T T PTTTTITTTTTTTT 
Тым Аы ГГАТЛТАПГАРАТЛТЛТАПТАТААҚТТАТТҮ ТТІ КРТ 
CEPLER LRA ВВ ГЕРМЕС А eo. SRR 
вамивежъ лов Ph POR LIL ТЕРУ ажишнишиши.„.шав>—чишиш-шиншиининитипнишьы:Ь„шиинашишмыин ag в 
BERR ARSE ELD қты ааа HH] EM HLH rT ae ТА m 
взюозасосеск 1.:> ГАЛЛЕ аГЕЕГТІМПТКІТТТТТТТТІ T gaung FTT 
взаззазискшвиь Se, МҮЛ PLAS ГГТУ EM пиш и 
ЕТІНЕН ниши НН зе ELFDCLIEEELEELTETLLPREEREAATITELI иш 
РЕТТЕ АЕТ L TS А МЫТ ГИЛЛАЛАЛТАЫЫНҒІ ҒЫ ГІЛТГЕГТІЕТІТГТІЛІІГИНЕЕН TTTITTTTTTT 
ТЕРРА БАЛ тим. RE ee тачдачаеска et възр eee a 
"ТТ ТИТЛ ЕГІ ЛІТІЕЗІШІГГПГІТТТІЕТІТТТІТТГІ 4 МӘӘТРІППГІІМІЗІТІТІТІ ШЕЛИҰЛТІТІГ в 
и JII l] j J ili Гы Ыы ЕКА ЕРЕСИ LL: ГТ RARER 
ЪЪ „Еър IER a ИЗ ВДОЧИНОДАНИ ,?.. Ne ee 
MEME BEEBE SSE. КАРУН РЕА вварлиие е 
ttt ЕТЕУ ТЕТУ PSN E EEEE Т ETE ETET УН ТЕ 
-алштадмогмдатлтууааа ТТІ шкоңш!: 4E BER ARBRE Be, "1," ajc NGS RRR SRS k 7 ¿N 
ш пдаванаамими акираника чмьли K аз. l lili lll Ен M въ ЕН H--H-2H- dx 4211.) 
ы пиишишишшшмышишитшшшшишь® шь щт АГ МӨ МКМ ТТТ ТТ | Ване CELLET] 
ТТІТІГІТІТШІТІТІТІІІТІНГЕТГЕНЕЕРІІІНІІІГ Fah <. .} ABB EERERE oS millma пиши 
үү REE ТМКК ГАПТИ Н-НА ҸУТ FL. ла ГЕП 
ЕЕЕ ЕГЕР дацаиминваие:. eee HER Tu 
TTTTTTTTTITTTTTTTTTTUPTIELTI SS tl ht VENARNEENEEATHh "ANEN 
шишишин дакееезе сос свещения“: иши.. "um. -щадивимниь: Б 


ашкиза 
C... 
нина а 
-H-EH- 
ғ... --L--FH-HEHH-2H-- lI L] 
E НЕРЕЕАЕРЕННЕ H H zra Шыныны 
. a “ҮТІТІНІН ЕТТИ 
SS0 SERGE SEES’, - AREER ee a МІҮТГІТІТТІТТІРІНІНТІГІТІТІЕНІГ КЕННЕН ЕН 
ТУТ ГО м УГРИ ee | LILCLCELLLLELLELCLCELULLEELE! а: шам aan H-----H-H 
LLL LILTISTTZ2PLTHTITITITTTITT2ZI AHAHHH АЕ РСТ ТУ 
МӘМЛТТТИ ТУИТ ТТТ ат HILL а= КЕНЕЕН TTITTT] 
СТІТІТІГІТЖАТІТІТІТТІЕТІРІТТЕЛГІТЕТІТІІНІШІТІ ТЕТЕ ШЕ | LH ULIELILIITIIITITIETE 
А ТЛІЕПТИИАДТТТТТІГТТТТТЕҮТІІІДГІТІТТІТІГІІ 7--H-H-H9-3 i TTP PTT LLELLLCELELLLOLLELCETE] 
А ЕГЕТНЕ а ІНЕЕЕ-ҢН-ЕЕЕТНЕ- 
Ы САҚЫ ТТІ ТТТ ГГИТТТТГГТТІТІТІГТІГІЖАТТІГІГІЗІТТІІТІІІТІТҒЕ ва 
ТУТ УУЕНЕННН-НЕН-НЕГИНЕЕННННЕСЕН ІІ ЕЕ ы ы A LT 
Лии 7 е зазацихосаллсавасвайц наз теазазензай, чидсияйвескай. | TTTTTTTTTTTITITTI -H-H-HH 
РТТ ТГ Tt Tari Pr rey rr eT rrr мии | 
OE a eset iE OE Наннан -H-H--HAHH- 
ТРИГГЕР РВ ЗЕЕ ЕТТІ " = = i I по IM III TD IIT ITL] 
H-Pmo91--H--2-- H-H93-2-HH-HHHHRIHHHIHHHHHHHHHHHHEHHH-EH-HHH г SESE ке; ҳини ЗНН 
ITT пишшшшяияид—ишашишыишмишшикшишкишишиашышишш ATRAF LLLI II III Ill 
LIU ТҮТТҮ ТТИПТИ НН из из! изезесво ринешанавн вии m" 
па; уг. Sane ӘННЕН ҚЫНЫҢ; УТ LLLLILLLELI 
a... REE eRe ee: азавевездевинзанавот.. л шшишйМмиш%.ишилшишщииймииншш 
ГАР I I i; +] HHH ай: TL i а... 8. TTP eT eee Pi Tie | 
CHALLE НАНЕРАНЕАЕАЕЕАЗЕРРЕРАРАРАЕНЕНА ISR ERE EASA SSIES EAE 
ТНЕЛТТІРІТІПГІІТІТІТІН ғымы МТМ ТГМ ЕТИМ СУ ТТТ mal +++ EEE 
CHIEEHHHCEHEHHHHHHHHHN-HEHHRLIH RR лв ЕЕЕ an H--H-4--LH-H 
un Е-Н-НЕНҒА--А- Ы ааа ааа ааа КЕ ГРЕГГЕЕРЕРРАЕЕРЕГЕЕ ВЕРЕ ЧГЕТІТ! 
ка. JS тым ТГ КТВ ВГИК ТОТ! | HA A 
COR er ec МІНІТІГІЛІЗ!! 
[IET КОТ ГУТ aria SCHEER HE 
пишапшиишишаминикишниЕШАКЕМИЖАҺВ' дог. bibl iat tt tl’ et tT Ae aang 
инин: ee Se Tierra Io TTTTTTTITTTTTTTTT 
иии, HEEL EAT АНЕ ТЕНГЕГЕ АН НЫНЫҢ, 
Baga НАТ шалма РН моча ини саскасениминивигра; ПТ ы 1111113). 
ГЕРОИ ИА ГЕРТИ 11111111711 BUSES, 1 UT TIT SERRE eee eee: KC JO9MEEM PENA a 
BE RR ETES NCEE BA er ъв 
ВААР ЗЕ ТІТТГГГІТТТІГІТТІТІТТІҢІГИШЕСТІГГІГІІІІГІІРГ 
METMETUN RRS ERE EEE EEE CREE Е ВЕРААЕНЕНАННЕРЕСЕЕААРЕВЕКЕНЕРАЕААЕНААНАЕ 
ІШТЕН Мъзатазвъчаямкакланаяя. ee ee Rh PATILISG ALL EELI S| 
ТТТ NEESER NMEA Ce. в АЫ ТТ ТҮТТҮ 1.4 сос НТУ +! 
ILIPPITI ПЕ чили чили наи ния инь ча PY EERE ETE PERT OTT ВЕНА CeCe a 
ӨТІНЕН АСТ ГЕТЕ ENA гише. Ae АТТ “г. iV ti tii ited a | 
= -r Гай 


Бан, Man чаная an 
ЕНТ ree HHH HHR manus 
` . 


ШЕШШЕТШ 


ЛГА ода 
шынық” ыыр ыл a 


TLSE T JEEPERS шан” H- 


МАСА TN 5507 


ive 


Angle of attack, a, deg 


Angle of attock,a@ , deg 


location of thrust (determined from propeller pitching-moment data 


of figure 30). 


Figure 51.- Effect of flap deflection and angle of attack on effect 
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Figure 52.- Variation of longitudinal-force coefficient and lift coeffi- 
cient with thrust coefficient for varióus flap configurations. 
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Figure 55.- Variation of thrust coefficient required ала lift coefficient 


available with forward speed. S = 40 pounds per square foot. 
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Figure 34.- Variation of total thrust horsepower required with forward 
2. for а 2. &irplane following ап assumed flight plan. 
= 14,760 pounds; 8 = 369 square feet; D = 12 feet. 
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Figure 55.- Variation of the untrimmed pitching moment with forward veloc- 
ity. Ы = №0 pounds per square foot. 
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